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ABSTRACT

Background: Rapid and early dengue diagnosis is essential for patient management and early disease intervention. MP Diagnostics
ASSURE® Dengue IgA Rapid Test (Dengue IgA RT) was developed for the rapid detection of anti-dengue IgA in patients’ biological
samples. The performance of Dengue IgA RT was examined using multiple categories of well-characterized samples. Materials
and Methods: Dengue IgA RT was designed and developed. Following characterization of samples by reference ELISAs, the
performance of the kit was evaluated. Results: The overall sensitivity and specificity of Dengue IgA RT were 86.70% (n=233)
and 86.05% (n=681) respectively; in which Dengue IgA RT detected 77.42% primary and 92.86% secondary cases; compared to
70.97% and 72.14% by IgM-Cap ELISA and 89.25% and 20% by Non-Structural Protein 1 (NS1) Ag ELISA respectively. Using 125
paired samples, Dengue IgA RT showed 84.80% sensitivity at acute phase and 99.20% sensitivity at convalescent phase; with 92%
specificity at both phases. Dengue IgA RT also demonstrated a consistent performance (sensitivity: 85.53%, specificity: 80%) with
76 whole blood samples. In detecting all four serotypes of DENV (n=162), the performance of Dengue IgA RT was comparable with
in-house IgM-Cap ELISA. Kinetics of anti-dengue IgA production was elucidated with 42.86% detection level as early as one-two
days after fever onset, which increased to 83.33% between five and seven days after fever onset. Conclusion: Dengue IgA RT
demonstrated a good performance and is applicable as one of the dengue early diagnostic tools at all levels of health care system.
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INTRODUCTION

engue virus (DENV), a member of the genus flavivirus,
Dis mostly found in tropics and subtropics regions. Four
serotypes of the Dengue virus (DENV 1-4) are closely
related but antigenically distinct and co-circulated in dengue
endemic countries.!"” The virus is principally transmitted
by Aedes aegypti and causes infection in humans. In terms
of morbidity, mortality and economic costs, dengue is the
most important mosquito-borne disease in the world, with
an estimated 50 to 100 million infections annually.?
Clinically, two major types of dengue fever are recognized:
primary (first time) and secondary (subsequent) infections.
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Patients with primary DENV infections typically resultin a
self-limiting disease. It is characterized by the sudden onset
of fever lasting from three to seven days, and a variety of
nonspecific signs and symptoms including severe headache
with retro-orbital pain, body aches, joint pain and rash.F”
Secondary DENV infection is caused by a second exposure
by a different DENV serotype. According to Gubler, itis a
common form of the disease in many parts of Southeast
Asia and South America.! This form of the disease is more
serious and can result in dengue hemorrhagic fever and
dengue shock syndrome. Major clinical features include
high fever, hemorrhagic events, circulatory failure, and
the fatality rate can be as high as 30%. Early diagnosis of
dengue shock syndrome (DSS) is particularly important, as
patients may die within 12 to 24 h if appropriate treatment
is not administered.”!

Early and rapid diagnostic tool, management and
confinement of dengue cases are critical to halt the dengue
virus transmission. In recent years, good progress has
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been made in the development of dengue diagnostic tools,
resulting in the availability of suitable tests for each stage
of the disease. Reverse transcription-polymerase chain
reaction (RT-PCR) which detects specific dengue viral
ribosomal nucleic acid (RNA) has been widely used to
diagnose and serotype dengue viruses in the early phase of
the disease.”"”l These techniques, whilst rapid and effective
in providing early and definite dengue diagnosis, is costly
and requires trained personnel to perform. Thus, its use
is limited to few clinical laboratories. Development of
Non-Structural Protein 1 (NS1) antigen detection in the
Enzyme-linked immunosorbent assay (ELISA) and rapid
lateral flow platform has offered clinical laboratories a very
promising tool for early diagnosis during the febrile phase
of the disease.'""® However, its petformance in detecting
dengue secondary cases was reported to be not as good
as primary infection.!"”)

Serological tests have been routinely used for the detection
of DENYV infection. Typically, basic serologic tests include
hemagglutination-inhibition (HI), complement fixation
(CF), neutralization test (NT), immunoglobulin M (IgM)
capture enzyme-linked immunosorbent assay (MAC
ELISA) and inditect immunoglobulin G (IgG) ELISA.
In recent years, the detection of anti-dengue IgM based
technique has become the most widely used serologic test,
due to its simple approach and nearly all patients (93%)
developed detectable IgM antibody 6 to 10 days after
onset.l! However, detection at 6-10 days could result in
a delayed diagnosis. Moreover, IgM persists in circulation
for more than eight months and thus in dengue endemic
countries, the detection of IgM in a febrile patient does not
necessatily indicate an acute dengue infection.”*? Analysis
of paired samples at least seven days apart for definitive
diagnosis is required, and this further discourages the use
of these tests among clinicians and patients. On the other
hand, around 30% of dengue secondary patients either do
not develop anti-dengue IgM or develop low level of anti-
dengue IgM which is undetectable by current diagnostics.™!

The use of anti-dengue immunoglobulin A (IgA) as a
diagnostic marker has previously been explored. The
simultaneous increase of dengue-specific IgA and
IgM in dengue patients using an anti-dengue virus IgA
capture ELISA (AAC-ELISA) and short life span of IgA,
compared to IgM has been reported.™ Another report
indicated that anti-dengue IgA typically appeared a day after
IgM and disappeated within 45 days following detection.”

Recognizing the potential role of IgA in dengue diagnosis,
a new rapid test, MP Diagnostics ASSURE® Dengue IgA
Rapid Test (Dengue IgA RT) was developed. Dengue IgA

RT is an immunochromatographic test device intended
for the detection of IgA antibodies to dengue virus in
human whole blood, plasma and serum, within 20 min. The
rapid detection of dengue infection offers the advantage
in making testing feasible and applicable at any level of
healthcare system.

In this study, we report on the development and validation
of Dengue IgA RT using multiple categories of samples.

MATERIALS AND METHODS
Antigen

Inactivated Dengue 2 antigen (Microbix Biosystems Inc,
Ontario, Canada) was immobilized on nitrocellulose
membrane and used as an antibody capturing agent in test
line. Dengue Type 2 antigen (strain 16681) was propagated
in Vero cells, concentrated from tissue culture supernatants
by precipitation and ultracentrifugation. The antigen was
then purified by sucrose density gradient centrifugation,
inactivated by formaldehyde, neutralized by sodium bisulfite
and lastly verified the inactivation by cell culture technique.

Recombinant protein

Recombinant Protein L. (Thermo Scientific, Illinois, U.S.A)
was immobilized on nitrocellulose membrane and used as
a control line. Protein L is an immunoglobulin-binding
protein that was originally derived from the bacteria
Peptostreptococens magnus. 1t captures human antibodies
including IgA through kappa light chain interactions
without intetfering with an antibody's antigen-binding site.

Gold conjugate

Goatanti-human IgA (Zymed Laboratoties Inc / Invitrogen,
California, US.A) is used to detect anti-dengue IgA bound
on Dengue antigen and human IgA captured by Protein L,
resulting in pink-purplish color band development. Goat
anti-human IgA was conjugated to colloidal gold using in-
house standard conjugation protocol.

Test principle of Dengue IgA RT

Dengue IgA RT is a reverse flow technique (US Patent
-6316205, WO/2009/139725) immunochromatographic
rapid test for the qualitative detection of anti-dengue IgA
from patient’s biological samples (serum, whole blood or
plasma). In this platform, test sample migrates upward
from the sample well and eventually form antibody-antigen
complexes with dengue virus antigens in the test window.
The bound antibody-antigen complexes is subsequently
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detected by goat anti-human IgA gold conjugate carried by
chase buffer that flows downward giving a pink-purplish
color line in the test window. Control line which contains
protein L captures human IgA from patient’s sample and
binds with the anti-human IgA-gold conjugate, resulting
in pink-purplish color line in the control window. The
appearance of control line indicates the proper addition
and migration of serum/plasma/whole blood sample and
chase buffer [Figure 1].

Assay procedure of Dengue IgA RT (Serum / plasma
samples)

Step 1: 25 Wl of specimen was added into the sample;
Step 2: Sample wicked up the membrane and once the
sample front reached the blue indicator line, three drops
of chase buffer were added into the oval well;

Step 3: “Den IgA” marked tab was pulled out until resistance
was felt. One drop of chase buffer was added into the
sample well and result was interpreted at 20 mins [Figure 2a].

Assay procedure of Dengue IgA RT (Whole blood
samples)

Step 1: 25 ul of specimen was added into the sample well,
followed by one drop of chase buffer into the same well;
Step 2: Sample wicked up the membrane and once the
sample front reached the blue indicator line, three drops
of chase buffer were added into the oval well;

Step 3: “Den IgA” marked tab was pulled out until resistance
was felt. One drop of chase buffer was added into the
sample well and result was interpreted at 20 mins [Figure 2b).

Test specimens

Test samples used in this study comprised of whole blood,
serum and plasma and were categorized into three groups.
Serum samples used in in-house validation and clinical trial
at International Centre for Diarrhoeal Disease Research,
Bangladesh ICDDR, B) were stored sera from archives.
The collection of human serum samples in University
of Malaya were approved by Medical Ethics Committee,
University Malaya Medical Centre, Kuala Lumpur, Malaysia.

Group-1. In-house assay development and test
validation

(i) Dengue IgA RT was designed and developed based on
MP Biomedicals Asia Pacific standard quality procedure,
which compiles and meets requirements defined in
international standards (ISO 9001; ISO 13485, In-vitro
Diagnostics Directive — 98/79/EC; Canadian Medical
Device Regulations (MDR P.C. 1998-783, 7 May, 1998;

Common Technical Specification (O] L131). (if) Assay
validation was designed to determine the robustness of the
assay procedure by selecting four important parameters of
the assay including type of specimens (whole blood, plasma
and serum), amount of specimens, amount of chase buffer
and the total test time; (iii) Precision assays, (a) Between-run
Precision (or Inter-assay precision): 3 production batches
using three different lots of raw material were used and
three operators ran the assay in triplicates using three
production batches with one set of control sera on the same
day; (b) Within-run, Within-day and Day to day precision
(or Intra-assay Precision): 3 production batches of test kits
were used and each production batch was assayed with 1
set of control sera at five days interval for 20 days (day
to day). At each time point, each sample was tested twice
at different times (within-day), in triplicates (within-run).

Group-2. In-house (Laboratory) performance
validation

233 serum samples characterized by dengue reference
ELISAs (Platelia Dengue NS1 Ag ELISA, PanBio Dengue
IgM capture ELISA and PanBio Dengue IgG Capture
ELISA), along with 681 negative serum samples (355
healthy donors and 326 cross-reactive and interfering

a b c

Figure 1: Pictures for Dengue IgA RT devices (a) blank device (b)
positive for Dengue IgA antibody with colored band appearing at
control line (C) and test line (T) (c) negative for Dengue IgA antibody
as test line (T) is absent
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Step 2: Sample will start wicking up the
membrane. Wait till the wet sample front
reaches the blue line. Add 3 drops of
Chase Buffer into oval well. Go to step 3.
(Caution: Do not allow sample front to flow
out of viewing window or rectangular well.)

Blue line (indicator line)
~sfte  C, Control line

T —at—— T, Testline

Step 1: Add 25 pl serum/plasma into square
well. Go to step 2.

Den Step 3: Pull “Den IgA” marked tab until
IgA resistance is felt. Add 1 drop of chase
buffer into square well. Start timing, read
result after 20 minutes.

a

Step 2: Sample will start wicking up the
membrane. Wait till the wet sample front
reaches the blue line. Add 3 drops of
Chase Buffer into oval well. Go to step 3.
(Caution: Do not allow sample front to flow
out of viewing window or rectangular well.)

10

Blue line (indicator line)
C, Control line

T, Test line

Step 1: Add 25 pl whole blood into square
well followed by 1 drop of chase buffer to
the same well. Go to step 2.

Den
IgA

Step 3: Pull “Den IgA” marked tab until
resistance is felt. Add 1 drop of chase
buffer into square well. Start timing, read
result after 20 minutes.

b

Figure 2: (a) Schematic diagram showing Dengue IgA RT assay procedure for serum or plasma samples; (b) Schematic diagram showing

Dengue IgA RT assay procedure for whole blood samples

samples) obtained from MP Biomedicals archives were
utilized for the optimization, development and laboratory
validation of the rapid test.

Group-3. Clinical validation

(i) 150 paired sera collected from dengue suspected
patients collected at 1 - 35 days intervals were used for
clinical validation of Dengue IgA RT. The paired samples
were obtained from Laboratory Science Department,
ICDDR, B. All serum samples were characterized using
dengue reference ELISAs and defined accordingly. (ii)
126 dengue suspected whole blood samples obtained
from Haematology Laboratory, ICDDR, B were used for
the evaluation of Dengue IgA RT. Corresponding plasma
collected from whole blood were characterized by dengue
reference ELISAs. (iif) 162 RT-PCR based serotype specific
dengue sera obtained from the Department of Medical
Microbiology, Faculty of Medicine, University of Malaya
were used to evaluate the performance of Dengue IgA
RT against all four types of dengue viruses. (iv) Dengue
sero-converted sera from the Department of Medical
Microbiology, Faculty of Medicine, University of Malaya
were used to study early detection of infection using
Dengue IgA RT. Of the 70 sero-converted sera, 50 samples
were negative with in-house IgM-Cap ELISA during acute
phase of infection and were sero-converted at convalescent
phase. The in-house IgM-Cap ELISA was conducted
according to the method described by Lam ez a/., 19877

Reference dengue assays for characterization

(i) Dengue IgM capture ELISA (IgM-Cap ELISA): A
commercial kit (PanBio Diagnostics, Australia) was used
for the detection of anti-dengue IgM from serum/plasma
samples and carried out according to the manufacturer’s
instructions. (i) Dengue IgG capture ELISA (IgG-Cap
ELISA): The presence of high level of anti-dengue
IgG in dengue suspected samples as an indicator of
dengue secondary infection was detected by IgG-Cap
ELISA (PanBio Diagnostics, Australia). Tests were
performed and results were analyzed according to the
manufacturer’s instructions. (iii) Platelia Dengue NS1
Ag ELISA (NS1 Ag ELISA): The presence of dengue
NS1 in dengue suspected samples was identified using
NS1 Ag ELISA (Bio-Rad, USA). All tests were carried
out using manufacturer’s instructions. (iv) Dengue IgA
ELISA (in-house): PAN-dengue monoclonal antibodies
(1.15mg/ml; Immunology Consultants Laboratory, USA)
were diluted at 1:500 in carbonate-bicarbonate buffer
and subsequently coated in 96-well plate (MaxiSorp—
NUNC, Denmark). The plate was incubated at 4°C
overnight. After blocking of the plate with blocking
buffer (5% skim milk containing 0.1% Triton X 100),
the plate was washed five times with wash buffer [1 X
Phosphate Buffered Saline (PBS) containing 0.5% Triton
X 100]. Dengue type 2 antigen was then added at 1:25
dilutions in 1X PBS into each well and the plate was
incubated at 37°C for an hour. The plate was again washed
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six times using wash buffer. 100 ul of test serum at 1:100
dilution in diluent buffer (same as blocking buffer) was
added into each well. One positive and three negative
controls were added into each plate. After 1 h incubation
at room temperature, the plate was washed again six times,
and 100 ul of 1:1000 rabbit anti-human IgA conjugated
with horse-radish peroxidase (HRP) was added into each
well. The plate was then incubated for 30 mins at room
temperature. Following incubation, the plate was then
washed six times and 100 ul of tetra-methyl-bencidine
(TMB) was added into each well and incubated for 15 mins
at room temperature. Further color development was
stopped using 100 ul 2M sulfuric acid (H,SO,). Optical
density (OD) value was measured at 450 nm.

Data analysis

Data analysis was carried out using MedCalc Statistical
software, Belgium (Version 10). Sensitivity and specificity
of Dengue IgA RT was analyzed using 2X2 tables.
Sensitivity, specificity, positive and negative predictive
values and 95% confidence intervals (Cl) were provided
as the estimates of the effectiveness of Dengue IgA RT.

RESULTS

ASSURE® Dengue IgA Rapid Test development and
validation

Results of assay validation against different parameters
showed insignificant level of deviation from predefined
standard (data not shown). Four aspects were studied in
the precision validation: within run, between run, within
day and day-to-day. Dengue IgA RT devices showed the
reproducibility with consistent results across the three
production batches for both inter-assay and intra-assay. The
observed variations in intensities for the three calibrators
were all within the expected range in the test period (data
not shown).

Laboratory test validation

In-house validation of Dengue IgA RT was carried out
using well-characterized dengue positive sera based on
dengue reference ELISAs and the results are presented in
Table 1. A combination of both antigen and antibodies
ELISAs was used for characterization and reported to be
able to detect 90-95% of true dengue positive cases.!"”"”!

In-house sensitivity and specificity

The performance validation of Dengue IgA RT was

examined using 233 dengue confirmed positive, 355 healthy
donors and 326 cross-reactive and interfering serum
samples and the results are shown in Table 2. Out of 233
dengue positive sera, Dengue IgA RT detected 202 samples
with 86.70% sensitivity, and 95 out of 681 dengue negative
samples showed positive reactions with Dengue IgA RT
(specificity 86.05%).

Comparative analysis of Dengue IgA RT against
dengue reference ELISAs

A comparative performance between the Dengue IgA
RT and dengue reference ELISAs was investigated and
presented in Table 3. Dengue IgA RT detected more dengue
positive cases compared to dengue reference ELISAs
covering both primary and secondary dengue infections.

Clinical evaluation of Dengue IgA RT using confirmed
dengue positive and negative paired samples

The sensitivity and specificity of Dengue IgA RT was

Table 1: Characterization of 233 dengue positive
samples using dengue reference ELISAs

NS1AgELISA
233 47.64% (112/233)

Dengue positive sera* IgM-Cap ELISA

71.67% (167/233)

IgG-Cap ELISA
60.09% (140/233)

*Dengue serum samples (n=233) were considered as positive using either NS 1
Ag ELISA, IgM-Cap ELISA, IgG-Cap ELISA or all

Table 2: Analysis of sensitivity and specificity of
Dengue IgA RT using 233 dengue positive and
681 negatives samples (healthy donors, cross-
reactive and interfering serum samples)

Estimated performances of Dengue IgA RT

Estimated Estimated Positive Negative
sensitivity* specificity® predictive value  predictive value
(n=233) (95% Cl) (n=681) (95% CI) (PPV) (95% CI) (NPV) (95% CI)
86.70% (202/233) 86.05% (586/681) 68.01% 94.86%

(81.65%-90.78%) (83.22%- 88.56%)  (62.38%- 73.28%)

*Estimated sensitivity is defined as the percentage of positivity of Dengue IgA
RT against acute samples positive with Dengue reference ELISAs; 'Estimated
specificity indicates the percentage of negativity of Dengue IgA RT against total
dengue negative samples

(92.94%- 96.56%)

Table 3: Comparative performance of Dengue
IgA RT against dengue reference ELISAs (IgM-
Cap ELISA and NS1 Ag ELISA)

Dengue Sensitivity

diagnostics  primary infection  Secondary infection Total
(n=93)-95% CI (n=140)-95% CI (n=233)-95% CI

NS1Ag 89.25% (83/93) 20.00%(28/140) 47.64% (111/233)

ELISA (81.211%- 94.71%) (13.72%- 27.59%) (41.08%- 54.26%)

IgM-Cap 70.97% (66/93) 72.14% (101/140) 71.67% (167/233)

ELISA (60.64%- 79.92%)

Dengue 77-42% (72/93)
IgART (67.58%- 85.44%)

(65.42% - 77.36%)

86.70% (202/233)
(81.65%-90.78%)

(63.94%- 79.38%)
92.86% (130/140)
(87.25%- 96.52%)
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Table 4: Sensitivity and specificity of Dengue IgA RT using 125 dengue confirmed positive and 25

dengue negative samples

Phases of dengue infection Sensitivity (n=125) 95% C/

Specificity (n=25) 95% CI

Positive predictive value (95% Cl)  Negative predictive value (95% CI)

Acute 84.80% (106/125)
(77.28%- 90.59%)
Convalescence 99.20% (124/125)

(95.61%- 99.87%)

92.00% (23/25)
(73.93%- 98.78%)
92.00% (23/25)
(73.93%- 98.78%)

98.15% 54.76%
(93.46%- 99.72%) (38.68%- 70.15%)
98.41% 94.83%

(94-37%- 99.76%) (78.81%- 99.30%)

evaluated using both acute and convalescence dengue
confirmed positive (#=125) and negative (#=25) serum
samples and results are presented in Table 4. Dengue IgA
RT detected 99.20% of convalescent sera collected between
1 and 35 days interval, whilst 84.80% during acute phase
of infection. On the other hand, the specificity in both
collections was found to be 92%.

Of 125 dengue positive cases, 55 cases were primary
infected patients while remaining 70 patients sera showed
very high level of anti-dengue IgG (>22) at the acute
phase of infection and considered as dengue secondary
infected cases. In convalescent phase, Dengue IgA RT
detected 100% (55/55) (95% CI: 93.45% to 100.00%) of
primary and 98.57% (69/70) (95% CI: 92.27% to 99.76%)
of secondary dengue infected cases. The sensitivity at acute
phase of infection for primary and secondary dengue cases
were 72.73% (40/55) (95% CI: 59.04% to 83.85%) and
94.29% (66/70) (95% CI: 86.00% to 98.39%) respectively.

Performance of ASSURE® Dengue IgA Rapid Test
in detection of dengue infection using whole blood
samples

126 whole blood samples collected during 2008 dengue
outbreaks obtained from haematology laboratory,
ICDDR,B, were tested blindly by Dengue IgA RT.
Following collection of plasma from corresponding whole
blood samples, plasma samples were characterized by
dengue reference ELISAs (NS1 Ag, IgM and IgG capture
ELISAs). Out of 126 plasma samples, 76 samples were
found either positive with one or more dengue reference
ELISAs and considered as samples from true dengue
infected patients while remaining 50 samples were negative
against all dengue reference ELISAs. Using whole blood
samples, Dengue IgA RT showed 85.53% sensitivity and
80.00% specificity, as presented in Table 5.

Detection of DENV Serotypes by Dengue IgA RT

Dengue IgA RT was used to detect dengue positive samples
comprising all four serotypes of dengue viruses (#=162)
and results are presented in Table 6. Of 162 dengue RT-
PCR confirmed samples, Dengue IgA RT detected 101

Table 5: Sensitivity and specificity of Dengue
IgA RT against whole blood samples (n=126)

Sensitivity

Specificity
(n=50) 95% CI

Positive predictive Negative predictive
(n=76) 95% CI value (95% Cl) value (95% Cl)

Dengue 85.53% (65/76)  80.00% (40/50) 86.67% 78.43%

IgART  (75.57%- 92.54%) (66.28%- 89.95%) (76.84%-93.41%)  (64.67%- 88.70%)

Table 6: Comparative performances of Dengue
IgA RT with in-house IgM-Cap ELISA in detecting
dengue virus serotypes (n=162)

Dengue Dengue virus serotypes

diagnostics Serotype-1 Serotype-2 Serotype-3 Serotype-4
(n=101) 95%Cl (n=21) 95%Cl  (n=23)95%Cl (n=17) 95% CI

Dengue lgA  66.34%(67/101) 52.38%(12/21)  60.87% (14/23) 52.94% (9/17)

RT (56.25%-75.44%) (29.81%-74.25%) (38.55%-80.26%) (27.86%- 76.96%)

In-house IgM-  63.37% (64/101)  57.14% (12/21)  43.48% (10/23) 29.41% (5/17)

CapELISA  (53.19%-72.73%) (34-04%-78.14%) (23.22%-65.49%) (20.42%- 55.95%)

Table 7: Comparative performances of Dengue
IgA RT with in-house IgM-Cap ELISA and
RT-PCR based on duration iliness using
sero-converted samples (n=70)

Days after RT-PCR In-house IgM-Cap Dengue IgA RT
onset of fever ELISA

Day 1-2 (n=14) 71.43% (10/14) 0.00% (0/14) 42.86% (6/14)
Day 3-4 (n=38) 73-68% (28/38) 15.79% (6/38) 63.16% (24/38)
Day 5-7 (n=18) 44.4:4% (8/28) 77-78% (14/18) 83.33% (15/18)
Total (n=70) 65.71% (46/70) 28.57% (20/70) 64.28% (45/70)

cases as positive of which 66.34% DENV1 (67/101),
52.38% DENV2 (11/21), 60.87% DENV3 (14/23) and
52.94% DENV4 (9/17).

Use of Dengue IgA RT for the eatly detection of
dengue virus infection

The performance of the rapid test as one of the early
dengue diagnostics using acute collection of 70 confirmed
acute dengue samples is shown in Table 7. Out of 70
dengue cases, Dengue IgA RT detected 45 dengue cases
(64.28%) compared to 20 cases by in-house IgM-Cap
ELISA (28.57%) and 46 cases (65.71%) by RT-PCR. In
terms of detection of early dengue cases, Dengue IgA RT
also showed better performance than by in-house IgM-Cap
ELISA. Dengue IgA RT detected 42.86% dengue cases as
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carly as one-two days after onset of fever, 63.16% by third-
forth day and 83.33% by fifth-seventh day of illness; whilst
by in-house IgM-Cap ELISA detected 0.00%, 15.79%
and 77.78% on first-second day, third-forth day and fifth-
seventh day respectively.

DISCUSSION

Based on evaluation studies conducted in MP Biomedicals
laboratory (in-house) and various clinical stations, Dengue
IgA RT demonstrated its usefulness for the eatly detection
of dengue infection. The overall sensitivity of the assay
varied from 84.80% to 86.70% during acute phase of
infection and 99.20% during convalescence phase, whilst
the specificity varied from 80% to 92%. The performance
of Dengue IgA RT is comparable with dengue reference
ELISAs during primary infection, whilst it is better in
dengue secondary infection.

The kinetics of anti-dengue IgA production was also
clucidated, where the anti-dengue IgA appeared carlier
than anti-dengue IgM and was detected by Dengue IgA
RT. More than 90% of anti-dengue IgA positive cases were
detected among secondary infected patients compared to
72.73%-77.42% in primary infection. This could be due
to the presence of IgA memory cells from the previous
dengue infection which was triggered by the second dengue
antigen contact. Similar types of results on Dengue IgA
using AAC-ELISA were reported previously.”**! Howevet,
further study is required to define the kinetics of production
of anti-dengue IgA among dengue primary and secondary
infected patients using multiple collections of samples.

S. Vazquez and coworkers also utilized AAC-ELISA in
their exploration of the kinetics of dengue antibodies
production in sera, saliva and urine.” They demonstrated
low detection levels of anti-dengue IgA compared to
IgM in all the body fluids in both primary and secondary
infections. In primary dengue-confirmed patients, serum
IgA was only detected in about 20% of the samples after
four days of fever onset. In contrast, our data showed
more than 50% patients produced anti-dengue IgA in
serum on third day of illness, which increased to 83.33%
between fifth and seventh days. The poor performance of
Vazquez studies could be due to the test platform where
high levels of non-dengue reactive IgA compete with
dengue virus reactive IgA to be captured by anti-human
IgA coated plate. Hence it failed to detect low levels of
dengue-specific IgA present in suspected serum samples.
In contrast, Dengue IgA RT platform eliminated the
competition of non-dengue reactive IgA by capturing only
dengue reactive IgA using immobilized dengue antigen

on the nitrocellulose membrane. This may allow Dengue
IgA RT to detect very low level of dengue specific IgA
and hence demonstrated a better performance during
early stage of dengue infection compared with in-house
IgM-Cap ELISA [Table 7]. In addition, the presence of
anti-dengue IgA in dengue infected patents at the early
stage of infection could be due to the involvement of
mucosa- associated lymphoid tissues (MALT). Particulatly,
DENYV multiplies in antigen presenting cells (dendritic cells
and macrophages) and stimulate the local immune cells to
produce IgA-producing plasma cells, which also enter into
the circulation through high endothelial venules (HEV) and
produce anti-dengue IgA.

The potential benefits of reverse flow technique of Dengue
IgA RT for the detection Dengue IgA using various types of
specimens (whole blood, plasma and serum) are numerous.
It eliminates the need to prepare serum from whole blood
and provide rapid results at all levels of healthcare system.
Even though serum IgA in primary infection is not as
effective as RT-PCR in detecting cases from day 0 to 2 after
fever onset (its detection capability starts on day 3 after
fever onset), it is still a useful early diagnostic tool in areas
where PCR is not available. In secondary dengue infections,
Dengue IgA RT showed better performance compared to
NS1 Ag ELISA and IgM-Cap ELISA. In addition, Dengue
IgA RT demonstrated sastifactory level of performance in
detecting all four serotypes of dengue virues. This technique
could thus be very useful in current endemic areas where
all four serotypes of dengue viruses are co-circulating and
giving more and more dengue secondary infection.

CONCLUSION

Dengue IgA RT has been successfully developed and
validated in both laboratory and clinical stations using a wide
range of well characterized samples. The assay is easy to
perform, cost-effective and results can be interpreted at 20
mins of test run. The use of whole blood specimens further
facilitates the rapidness of the assay at all levels of healthcare
system. Dengue IgA RT showed comparable level of
petformance against dengue reference ELISAs and detected
both primary and secondary dengue infected patients. The
assay also showed satisfactory level of performance against
all four serotypes of dengue viruses. Hence, Dengue IgA RT
could be equally applied as one of the dengue eatly diagnostic
tools all over the dengue endemic countries.

ACKNOWLEDGEMENTS

The authors thank the project team members for their constant
and unrestricted support during the entire period of product

Journal of Global Infectious Diseases / Jul-Sep 2011 / Vol-3 / Issue-3 239



Tan, et al.: Development of ASSURE® Dengue IgA Rapid Test

development. We would also like to thank Dr. Geraldine Chow
for reviewing the manuscript. We thank research group of
Department of Medical Microbiology, University of Malaya and
Laboratory Science Department of ICDDR,B for performing
ASSURE® Dengue IgA RT assay. Finally we are extremely
grateful to Mr. Paul Tan, GM, MP Biomedicals Asia Pacific Pte
Ltd, for his generous support.

REFERENCES

1. Henchal EA, Putnak JR. The dengue viruses. Clin Microbiol Rev 1990;3:376-96.

2. Gubler DJ. The global threat of emergent/reemergent vector-borne
diseases. Vector-Borne Diseases: Understanding the environmental,
human health, and ecological connections. Washington DC: The National
Academies Press; 2008. p. 43-6.

3. Halstead SB. Selective primary health care: Strategies for control of disease
in the developing world. Rev Infect Dis 1984;6:251-64.

4. Halstead SB. Pathogenesis of dengue: Challenges to molecular biology.
Science 1988;239:476-81.

5. Monath TP, Heinz FX. Flaviviruses. In: Fields BN, Knipe DM, Howley PM,
editors. Virology. New York: Lippincott-Raven; 1996. p. 1016-21.

6. Gubler DJ. Dengue and dengue hemorrhagic fever. Clin Microbiol Rev
1998;11:480-96.

7.  Nimmannitya S. Clinical management of dengue fever/dengue
haemorrhagic fever/dengue shock syndrome. Dengue Bull 1996;20:13-9.

8. Lam SK. Dengue haemorrhagic fever. Rev Med Microbiol 1995;6:39-48.

9. Laue T, Emmerich P, Schmitz H. Detection of dengue virus RNA in patients
after primary or secondary dengue infection by using the Tagman automated
amplification system. ] Clin Microbiol 1999;37:2543-7.

10. Callagan JD, Wu SL, Dion-Schultz A, Mangold BE, Peruski LF, Watts
DM, ez al. Development and evaluation of serotype- and group-specific
fluorogenic reverse-transcriptase PCR (Tagman) assays for dengue virus.
J Clin Microbiol 2001;39:4119-24.

11. Houng HH, Chen RC, Vaughn DW; Kanesa-Thesan N. Development of a
fluorogenic RT-PCR system for quantitative identification of dengue virus
serotypes 1-4 using conserved and serotype-specific 3’ noncoding sequences.
J Virol Methods 2001;95:19-32.

12. Warrilow D, Northill JA, Pyke A, Smith GA. Single rapid Tagman
fluorogenic probe based PCR assay that detects all four dengue serotypes.
J Med Virol 2002;66:524-8.

13. Shu PY, Chang SF, Kuo YC, Yueh YY, Chien L], Sue CL, ¢# a/. Development
of Group- and serotype-specific one-step SYBR Green I-based real-
time reverse-transcription-PCR assay for dengue virus. ] Clin Microbiol
2003;41:2408-16.

14. Johnson BW, Russell BJ, Lanciotti RS. Serotype-specific detection of
dengue viruses in a fourplex real-time reverse transcriptase PCR assay. |
Clin Microbiol 2005;43:4977-83.

15. Lai YL, Chung YK, Tan HC, Yap HE, Yap G, Ooi EE, ¢/ al. Cost-effective
real-time reverse transcriptase PCR (RT-PCR) to screen for dengue virus
followed by rapid single-tube multiplex RT-PCR for serotyping of the virus.
J Clin Microbiol 2007;45:935-41.

16. Young PR, Hilditch PA, Bletchly C, Halloran W. An antigen capture enzyme-
linked immunosorbant reveals high levels of the Dengue virus protein in

the sera of infected patients. ] Clin Microbiol 2000;38:1053-7.

17. Dussart P, Labeau B, Lagathu G, Louis P, Nunes MR, Rodrigues SG, ez a/.
Evaluation of an enzyme immunoassay for detection of dengue virus NS1
antigen in human serum. Clin Vaccine Immunol 2006;13:1185-9.

18. Kumarsamy V, Wahab AH, Chua SK, Hassan Z, Chem YK, Mohamad M,
et al. Evaluation of a commercial dengue NS1 antigen-capture ELISA for
laboratory diagnosis of acute dengue virus infection. ] Virol Methods
2007;40:75-9.

19.  Chuansumrit A, Chaiyaratana W, Pongthanapisith V, Tangnararatchakit K,
Lertwongrath S, Yoksan S. The use of Dengue non-structural protein-1
antigen for the eatly diagnosis during the febrile stage I patients with dengue
infection. Pediatr Infect Dis J 2008;27:43-8.

20. Chow L, Hsu ST. MAC-ELISA for the detection of IgM antibodies to
dengue type 1 virus (rapid diagnosis of dengue type I virus infection).
Zhonghua Min Guo Wei Sheng Wu Ji Mian Yi Xue Za Zhi 1989;22:278-85.

21. Chen WJ, Hwang KP, Fang AH. Detection of IgM antibodies from
cerebrospinal fluid and sera of dengue fever patients. Southeast Asian J
Trop Med Public Health 1991;22:659-63.

22. Talarmin A, Labeau TA, Lelarge J, Sarthou JL. Immunoglobulin A-specific
capture enzyme-linked immunosorbent assay for diagnosis of dengue fever.
J Clin Microbiol 1998;36:1189-92.

23. Chanama S, Anantapreecha S, A-nuegoonpipat A, Sa-gnasang A, Kurane I,
Sawanpayalert P. Analysis of specific IgM response in secondary dengue
virus infections: Levels and positive rates in comparison with primary
infection. J Clin Virol 2004;31:185-9.

24. Groen ], Balentien E, Deubel V, Vorndam V, Osterhaus AD. Kinetics of IgA
serum antibodies in monkeys immunized with live attenuated dengue virus
type 2 vaccine and in patients with a dengue virus infection. Program and
abstracts of the 4™ International Symposium on Dengue Fever; 1997. p. 24

25. Lam SK, Devi S, Pang T. Detection of specific IgM in dengue infection.
Southeast Asian | Trop Med Public Health 1987;18:532-8.

26. Balmaseda A, Guzman MG, Hammond S, Robleto G, Flores C, Tellez Y,
et al. Diagnosis of dengue virus infection by detection of specific
immunoglobulin M (IgM) and IgA antibodies in serum and saliva. Clin
Diagn Lab Immunol 2003;10:317-22.

27. Masaru N, Chao YP, Wu HT, Chan CD, Machida S, Takasaki T, 74/, Evaluation
of immunoglobulin A-capture enzyme-linked immunosorbent assay for
serodiagnosis of Dengue virus infection. Dengue Bull 2006;30:157-61.

28. Jeurissen SH, Claassen E, Rooijen VN, Krall G. Intra-intestinal priming
leads to antigen-specific IgA memory cells in peripheral lymphoid organs.
J Immunol 1985;56:417-23.

29. Harris E, Videa E, Petrez 1., Sandoval E, Tellez Y, Perez ML, ¢# a/l. Clinical
epidemiologic and virologic features of dengue in the 1998 epidemic in
Nicaragua. Am J Trop Med Hyg 2000;63:5-11.

30. Vazquez S, Cabezas S, Perez AB, Pupo M, Ruiz D, Calzada N, ez al.
Kinetics of antibodies in sera, saliva and urine samples from adult patients
with primary or secondary dengue 3 virus infections. Int J Infect Dis
20006;11:256-62.

How to cite this article: Tan YY, Sekaran SD, Wang SM, Ahmed F,
Hossain A, Sil BK. Development of ASSURE® dengue IgA rapid test for
the detection of anti-dengue IgA from dengue infected patients. J Global
Infect Dis 2011;3:233-40.

Source of Support: MP Biomedicals Asia Pacific Pte Ltd. Conflict of
Interest: None declared.

240 Journal of Global Infectious Diseases / Jul-Sep 2011 / Vol-3 / Issue-3



